. These spontaneous signals resemble those generated by cells of the longitudinal muscle layer of the small bowel ( 1) and stomach (5) . Such signals are generally called slow waves. Slow waves seem, in general, to integrate contractions of masses of smooth muscle in whole organs or parts of whole organs. Thus, they are also sometimes called pacesetter potentials.
Simultaneous recording of slow waves from two electrodes separated by only a few millimeters shows a phase lag. Thus, slow waves appear to spread through these tissues. In the longitudinal muscle layers of the small bowel, a phase lag appears only with electrodes oriented in the longitudinal axis of that organ. Electrodes oriented circumferentially in the small bowel show no phase lag. Hence, the slow wave seems to pass 27 a ring, reaching all points on the circumference of a coronal section of the small bowel at the same time. In the colon, however, slow waves appear with a phase lag in both axes (3) . Spread in the longitudinal axis has already been described in detail (4) . Those studies showed that slow waves are phase locked in the long axis about 67 % of the time over distances of at least 29 mm. The direction of phase lag is variable, and the velocity of apparent movement is slightly but significantly different in the two directions. This paper presents experiments designed to examine the hypothesis that slow waves also occur out of phase in the transverse axis so that there is apparent movement of the slow wave also in this axis, as was suggested by earlier experiments in isolated muscle strips (3). We also set out to compare the characteristics of spread in the transverse axis with the characteristics of spread in the longitudinal axis (4) .
MATERIALS AND METHODS
Twenty adult male and female cats were anesthetized with intraperitoneal injection of sodium pentobarbital, 30 mg/kg.
The abdomen was opened and the colon was measured and marked in situ. The ileum was transected 0.5 cm above the ileocecal junction, the colon was cut across at the point where it enters the pelvis, and the abdominal colon was removed. from an area just below the ileocecal junction. This exposed the circular muscle layer over an area about 1 cm wide and extending from one cut edge of the colon to the other. The colon was pinned flat to a block of beeswax, stretched to its approximate dimensions in situ, and put into another bath of Krebs-Ringer solution, equilibrated with 95 % Oz-5% CO2 at 36.5-37.5 C.
Six silver-silver chloride glass pore electrodes, like those described previously (4)) were applied to the exposed circular muscle. These electrodes were mounted in an electrode holder which fixed them at intervals of 5.8 mm in a straight line. The holder gripped the electrodes loosely enough that they could be shifted vertically by hand, but it allowed no lateral electrode movement.
In 10 animals the electrodes were aligned in an axis estimated to be 90" from the longitudinal axis of the colon, hereafter called the 0" axis. In five animals they were set at 5' counterclockwise, called the -5" axis, and in five animals they were set at 5' clockwise,, called the +5" axis ( Fig. 1 ). After the electrodes were aligned, each electrode was pushed down to achieve suf- ficient contact with the muscle that slow waves of maximum amplitude were recorded. We chose to compare among the three axes because of some uncertainity about the actual orientation of muscle fibers of the circular muscle layer of the colon. In a variety of species, some authors have reported that the muscle of the circular layers of the gut forms a tightly wound helix; others have reported that the net orientation of muscle fibers in this layer is truly circular (2, 7). We anticipated that the effect of any possible disagreement between the axis of the electrodes and the axis of the muscle fibers would appear in comparisons of spreading patterns and velocities among the three axes.
Simultaneous monopolar records were made from all six electrodes using a common reference electrode, a coil of chloridized silver wire in one corner of the bath. Records were made using the a-c input of an ink-writing polygraph (Beckman Type RM Biomedical Dynograph) with a time constant of 1 set and a high-frequency filter to diminish transients faster than about 30 Hz. The'six traces, displayed on a common time base, were read by inspection. Each study lasted 3-4 hr.
The records were sampled at 5-min intervals, beginning at the time when clear slow waves appeared on all channels and ending when slow-wave amplitude or frequency appeared to be declining. The recording times sampled ranged from 2.5 to 3.5 hr. In each sample, a series of 5-10 slow waves was analyzed for the characteristics of apparent spread of slow waves. In examining the records, we used concepts arising from the view that slow waves represent the output of a chain of coupled discrete relaxation oscillators (6, 8, 9 ). The terms "coupling" and "phase lock" will be used to mean that slow waves occur with a consistent phase lag between two or more points. Coupling was determined by matching time intervals between successive slow waves across the six channels. The degree of phase lag will be expressed in terms of "apparent velocity." Direction of phase lag will be expressed as clockwise or counterclockwise looking downstream along the colon. "Coupling distance" will be used to express the distance over which phase lock was present. "Frequency" will indicate the rate of occurrence of slow waves.
The data from the three groups of animals were pooled separately and compared appropriately by standard statistical methods.
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Proportion of time phase lock was present across all six electrodes.
In theory, the extent of coupling could be at or between two extremes: either all six electrodes might be detecting slow waves which were independent in time (absence of coupling) or all six electrodes could be showing slow waves which were phase locked. We found phase lock across all six electrodes 92.3-100% of the time in the O" axis, 66.7-100% of the time in the i-5" axis, and 75.9-100% of the time in the -5O axis ( Table 1 ). The means of these three ranges are not significantly different from one another (P > 0.05).
Pattern of phase lag. During the periods when coupling was complete, the direction of the phase lags among the six electrodes was found to exhibit a variety of patterns. The commonest pattern was one in which, in any single cycle, the slow wave appeared first at one of the electrodes between the two extreme electrodes and appeared to spread away tram tnat electrode toward the two margins. This pattern, called a diverging single split, occurred 56.3-68.5 % of the time in the three axes.
The second commonest pattern was one in which the first slow wave in a cycle appeared at one margin and appeared to spread at a uniform velocity across the colon. This occurred in both directions, clockwise and counterclockwise (as viewed downstream from the cecum). The clockwise pattern of spread occurred 11.8-18.7 % of the time among the three axes, and the counterclockwise patterns appeared 4.349% of the time in the three axes. The third commonest pattern was one in which the first slow wave appeared almost simultaneously at the two extreme electrodes, the two electrodes adjacent to the cut margins of the colon, and spread from both margins toward the center, the converging single-split pattern. This pattern occurred 8.7-l 1.6% of the time among the three positions.
The least common pattern of spread was one in which the first slow waves in a single cycle appeared almost simultaneously at two nonadjacent electrodes other than the two extreme electrodes. This pattern produced a zig-zag alignment of slow waves across the electrodes, called the doublesplit pattern. This pattern occurred 2.3-8.7% of the time among the three axes. Figure 2 shows a diagram of all these patterns of spread. Table 2 indicates the incidence of these patterns in the separate experiments. Figures 3 and 4 show tracings with two of these patterns of spread.
Apparent velocity. Apparent velocity was determined by measuring the time lag in the appearance of slow waves between each pair of adjacent electrodes and dividing time into interelectrode distance, 5.8 mm. We determined apparent velocity separately for phase lag in the two directions, clockwise and counterclockwise.
Mean apparent velocity in the clockwise direction varied from 7.5 to 9.4 mm/set in the three axes. In the counterclockwise direction, mean apparent velocity varied from 8.7 to 9.6 mm/set. Table  3 shows the data for velocities in the two directions in the three axes. Apparent velocities did not differ significantly either between the two directions or among the three axes (P > 0.025).
Coupling distance. When phase lock was absent across all six recording points, coupling distance was <5.8 mm. In the dominant situation of phase lock across all six recording points, coupling distance was > 28.8 mm, nearly the complete circumference of this segment of the colon. 
DISCUSSION
There is essential identity of the characteristics of apparent spread of slow waves among the three axes studied. This indicates that the possible slight deviations of the orientation of these fibers from a strict transverse axis (2, 7) does not have an important effect on the apparent spread of slow waves in this direction.
The opening of the colon along the antimesenteric border may have influenced patterns of apparent spread. We have not examined this possibility because of the technical difficulty of the necessary experiments. These slow waves can only be recorded easily from electrodes applied directly to the circular muscle layer. We are presently constructing No modeling has been done for the colon as yet, because there has been insufficient data regarding the direction and distance of spread of slow waves and the frequency of slow waves along that organ.
This report and the previous report on spread of slow waves in the longitudinal axis of the colon (4) indicate that slaw waves apparently spread in both axes of the opened colon. The characteristics of spread differ in the two axes. In the transverse axis, phase lock over long distances is more consistently present and apparent velocity is faster than in the longitudinal axis. As in the longitudinal axis, the pattern of spread varies among several possibilities, but the predominant pattern is one in which, in a single cycle, the slow wave first appears somewhere in the middle rather than at one extremity or the other of the segment of the axis that was sampled.
If one assumes that the slow waves of this muscle are also produced by coupled relaxation oscillators, then a singlechain model does not explain these complex patterns of spread. The putative oscillators would have to be viewed as lying in a Z-dimensional matrix with coupling characteristics differing between the x and y axes of the matrix. At present, of course, this proposal can only be applied to the part of the colon we have examined, the first few centimeters distal to the ileocecal junction.
The view has been advanced that the slow wave is a pacemaker for the muscle in which it occurs. If so, then the way in which slow waves spread through the circular muscle layer may determine the patterns of integrated movement of the colon. These patterns
are not yet completely described.
The high apparent velocity of spread (or the short phase lag) in the transverse axis relative to that in the longitudinal axis means that slow waves may be effectively simultaneous in the transverse axis. This may help to determine the occurrence of ring-contractions in the colon, the contractions which establish the familiar haustral pattern of the colon. 
